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O (54) Title: APPARATUS AND .METHOD FOR FORMING MATERIALS 

^ (57) Abstract: The application relates to an extrusion apparatus, which comprises at least one first reservoir (1) connected at a first 
O end to a first opening of a plurality of regulatory modules (4). The regulatory modules or spinnerets contain tubular passages (17) 
ST through which dope material (25) is extrudable. The extrusion apparatus (4) has at least 1,000 of the tubular passages (17) per square 
t^" metre crosssection. 
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5 This invention relates to an apparatus and method for forming extruded material, such 

as filaments, fibres, ribbons, sheets or other solid products, fiom a liquid solution, such as ; 
polymer solution (which term includes a protein solution or cellulose solution). 



:a 



Background Art 



Methods of producing filaments or fibres gave been known in the art for a long time. 
For example, spinning techniques are used to produce fibres fiom polymer solutions. British 
patent specification GB-A-441 44&(Ziegrer) discloses one technique in which filaments are 
produced by passing a liquid raw material to be solidified through a porous porcelain tube. 
15 The filaments emerge fiom the end of the porous porcelain tube in fids disclosure. An 

operative medium is introduced into the porous porcelain tube through the pores of the tube. 



There is currently considerable interest in the development of improved processes and 
apparatus to enable the manufacture of polymer filaments, fibres, ribbons or sheets. It is 

20 theoretically possible to obtain materials with high tensile strength and toughness by 

engineering the orientation of the polymer molecules and the way in which they intereact with 
one another. Strong, tough filaments, fibres or ribbons are useful in their own right for the 
manufacture, for example, of sutures, threads, cords, ropes, wound or woven materials. They 
can also be incorporated into a matrix with or without other filler particles to produce tough 

25 and resilient composite materials. Sheets whether formed from fibres or ribbons can be stuck 
together to form tough laminated composites. 



Natural silks are fine, lustrous filaments produced by the silk-worm Bombyx mori and 
other invertebrate species. They offer advantages compared with the synthetic polymers 
30 currently used for the manufacture of materials. The tensile strength and toughness of the 

dragline silks of certain spiders can exceed that ofKevler™, the toughest and strongest man- 
made fibre. Spider dragline silks also possess high thermal stability. Many silks are also 
biodegradable and do not persist in the environment They are recyclable and are produced by 
a highly efficient low pressure and low temperature process using only water as a solvent The 
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natural spinning process is remarkable in that an aqueous solution of protein is concerted into 
a tough and highly insoluble material. 

According to an article by J. Magoshi, Y. Magoshi, M. A. Becker and S. Nakamura 
5 entitled "Biospinning (Silk Fiber Formation, Multiple Spinning Mechanisms)" published in 
Polymeric Materials Encyclopedia, by the Chemical Rubber Company, it is reported that 
natural silks are produced by sophisticated spinning techniques which cannot yet be 
duplicated by man-made spinning technologies. 

0 Fibres produced by existing technological processes and apparatus suffer from the 

following disadvantages. Many show "die swell" which leads to some loss of molecular 
orientation with a consequent degradation of mechanical properties. Furthermore, existing 

processes are not energy efficient, requiring high temperatures and pressures to reduce the 

% 

' viscosity of the feedstock so that it can be forced trough a die. Separate stages are often 
5 required, for example for further "draw-down", to anneal the fibre with heat, and to process it 
through separate acid or alkaline treatment baths. 

One example of an improved method for producing fibres is known from European 
Patent Application EP-A-0 656 433 (Filtration Systems, Inc. and Japan Steel Works, Ltd.) 
which teaches a nozzle plate with a plurality of spinning holes. This document fails, however, 
to address the problem of die swell which occurs when the spun fibre or filament emerges 
from the exit of the nozzle plate. 



A system for producing a multi-ingredient composite fibre is known from European 
patent application EP-A-0 104 081 (Toray Industries). This application discloses a spinneret 
assembly for producing "island - in - sea" type fibres using multiple feedstocks. The spinneret 
assembly can have more than one nozzle for concurrently producing more than one fibres. 
This document fails, however, to teach the size of the fibres and the dimensions of the 
apparatus. 

Summary of the Invention 



There remains a need to rapidly produce a large number of high-strength fibres. 
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These and other objects of the invention are solved by providing an extrusion 
apparatus with at least one first reservoir connected at a first end to a first opening of plurality 
of regulatory modules containing passages through which material is extrudable. The 
extrusion apparatus has at least 1,000 passage per square metre cross-section. Using this 
apparatus a large number of fibres can be rapidly produced The passages can be, for example, 
tubular or ribbon-shaped 

In one advantageous embodiment of the extrusion apparatus the regulatory module 
additionally comprises at least one second reservoir. The use of a second reservoir allows a 
multi-component fibre to be produced 



The extrusion apparatus further comprises sensors, such as pressure sensors, 
temperature sensors, chemical sensors, pH sensors and/or light-scattering sensors. These 
sensors measure the parameters of the extrusion process and allow rapid adjustment of the 
extrusion conditions, if required 

Preferably the sensors are integral to the regulatory modules. In this embodiment, the 
sensors are not constructed as separate entities, but are formed as part of the regulatory 
modules. 

The extrusion apparatus can also have pumps in the regulatory modules for pumping 
feedstocks through the extrusion apparatus. Such pumps can be piezo-electric, vibration 
pumps or other known pumps. 

The passages may have flow inlets. These flow inlets allow the addition of further 
material to the feedstock during the extrusion process. Such further material could include 
dopants which alter the properties of the final extruded material. The further material can also 
modify the extrusion process in advantageous manner. 

In one aspect of the invention, the interior walls of the tubular passages are made of a 
permeable material. This allows further material to diffuse through the interior walls to be 
incorporated into the final extruded materials. The regulatory modules can be made, for 
example, either by injection moulding or laser ablation. 
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In ordCT to avoid problems of die swell, which may lead to a reduction of mechanical 
strength of the application in operation the material is drawn down at a first distance at least 
03 mm from an outer exit opening within the tubular passages. 

Internal draw-down is aided by providing a ridged surface on the internal surface of 
the tubular passage. The height of the ridges on the ridged surface are typically less than 10% 
than the diameter of tubular passage. Hie ridges on the ridged surface are substantially 
continuous and are substantially oriented parallel to the long axis of the tubular passages. The 
ridges are preferably constructed from or coated with a hydrophobic material. 

Disclosure of the Invention 



Figure 1 is a generalised Schematic representation of apparatus for the formation of 
extruded materials form a spinning solution; 

15 

Figure 2 is a schematic cross-sectional view along the longitudinal axis of a die 
assembly of the apparatus shown in Figure 1; 

Figure 3 is a schematic perspective view of the die assembly shown in Figure 2; 

20 

Figure 4 is a schematic exploded view illustrating another embodiment of a die 
assembly of apparatus according to the invention; and 

Figure 5 is a view showing a number of die assemblies of Figure 4 assembled together 
25 in a unit to enable a plurality of fibres to be extruded. 

Figure 6 is a view illustrating tumbling of rod-shaped elements in the tubular passage. 

Figure 7 is a cross-sectional view of the tubular passage. 

30 

Detailed Description of the Invention 



The discovery of the way in which spiders produce dragline silk provides the basis for 
the invention. We have found that by making the walls of the or each tubular passage at least 
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partly penneable or porous, preferably selectively permeable along the length of the tubular 
passage, which is preferably tapered, it is possible to control properties such as the pH, water 
content, ionic composition and shear regime of the spinning solution in different regions of 
the tubular passage of the die. Ideally this enables the phase diagram of the spinning solution 
to be controlled allowing for pie-orientation of the fibre-forming molecules followed by a 
shear-induced phase separation and allowing the formation of insoluble fibres containing 
well-orientated fibre, forming molecules. 



Conveniently the walls defining the tubular passage(s) are surrounded by said 
10 enclosure means to provide one or more compartments. These compartments act as jackets 
around the tubular passage(s). The or each tubular passage suitably has an inlet at one end to 
receive the spinning solution and an outlet at the other for the formed or extruded material and 
is typically divided into three p&rts arranged consecutively, the first part or initial zone 
allowing for the pre-treatment and pre-orientation of the fibre-forming polymer molecules in 
15 the liquid feedstock prior to forming the material by draw down, the second region or 
subsequent zone in which draw down of the "thread" takes place and which functions as a 
treatment and coating bath, and the third part or final zone has an outlet or opening of 
restricted cross-section which serves to prevent the loss of the contents of the "treatment bath" 
with the emerging fibre and to provide for the commencement of an optional air drawing 
20 stage. 



It will be appreciated that any solution or solvent or other phase or phases surrounding 
the fibre in the second part of the or each tubular passage also serves to lubricate the fibre as it 
moves through and out of the tubular passage. 

25 

In a further aspect of the invention, the walls of the or each tubular passage may 
contain flow inlets through which further material can be introduced into the tubular passage. 
The further material can either alter the conditions under which the extrusion process is 
performed or can be incorporated as dopant in the final extruded material. 

30 

In an embodiment of the invention, an opening into and surrounding the first zone or 
second zone of the tubular passage allows the introduction of a coating onto the surface of the 
fibre or extruded material. 
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All or part of the length of each tubular passage typically has a convergent geometry 
typically with the diameter decreasing in a substantially hyperbolic fashion. According to G. 
Y. Chen, JLA Cuculo and P. A. Tucker in an article entitled "Characteristic and Design 
Procedure of Hyperbolic Dies" in the Journal of Polymer Sciences: Part B: Polymer Physics, 
5 Vol 30, 557-561 in 1992, it is reported that the orientation of molecules in a fibre can be 
improved by using a die with a convergent hyperbolic geometry instead of the more usual 
parallel capillary or conical dies. 

The geometry of substantially all or part of the or each tubular passage may be varied 
10 to optimise the rate of elongational flow in the spinning solution (dope) and to vary the cross- 
sectional shape of the formed material produced from it The preferred substantially 
hyperbolic taper for part or all of the or each tubular passage maintain a slow and 
substantially constant elongational flow rate thus preventing unwanted disorientation of the 
fibre-forming molecules resulting from variation in the elongational flow rate or from 
15 premature formation of insoluble material before the dope has been appropriately reoriented. 
A convergent taper to the tubular passage of the die will induce elongational flow which will 
tend to induce a substantially axial alignment in the fibre-forming molecules, short fibres or 
filler particles contained in the dope by exploiting the well known principle of elongational 
flow. Alternatively, the principle of elongational flow through a divergent part of a die instead 
20 of the convergent die can be used to induce orientation in the hoop direction that is 
substantially transverse to the direction of flow through the divergent part of the die. 



The diameter of the or each tubular passage may be varied to produce fibres of the 
desired diameter. In the embodiment of the invention disclosed herewith, the diameter of the 
25 or each tubular passage has to be chosen such that at least 1000 fibres are produced per square 
meter. 



The rheology of the liquid feedstock in the tubular passage of the die is largely 
independent of scale, thus enabling the size of the apparatus to be scaled up or down. The 
30 convergence of the tubular passage allows a wide range of drawing rates to be used typically 
ranging from 0.01 to 1000 mm sec" 1 . If fibres are being extruded they may typically have a 
diameter of from 0.1 to 100 fim. Typically the outlet of the tubular passage has a diameter of 
from 1 to 100 fim with the diameter of the inlet of the tubular passage being from 25 to 150 
times greater depending on the extensional flow it is desired to produce. Tubular passages of 
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alternative cross-sectional shapes can be used to produce fibres, flat ribbons or sheets of 
extruded materials with other cross-sectional shapes. 

All or part or parts of the walls of the or each tubular passage of the die assembly are 
constructed from or formed or moulded from selectively permeable and/or porous material, 
such as cellulose acetate-based membrane sheets. The membrane can be substituted with 
diethylaminoethyl of carboxyl or carboxymethyl groups to help maintain protein-containing 
dopes in a state suitable for spinning. The membrane can also be rendered substantially 
hydrophobic with a siliconizing or silanizing solution or with polytetrafluoroethylene 
particles. Other examples of permeable and/or porous material are hollow-fibre membranes, 
such as hollow fibres constructed from polysulfone, polyethyieneoxide-polysulfone blends, 
silicone or polyacrylonitrile. The exclusion limit selected for the semipermeable membrane 
will depend on the size of the small molecular weight constituents of the dope but is typically 
less than 12 kDa. 

All or part of the walls of the or each tubular passage can be constructed from 
selectively permeable and/or porous material in a number of different ways. By way of 



example only a selectively permeable and/or porous sheet can be held in place over a groove 
with suitable geometry cut into a piece of material to form the tubular passage. Alternatively 
two sheets of selectively permeable and/or porous material can be held in place on either side 
of a separator to construct the tubular passage. Alternatively a single sheet can be bent round 
to form a tubular passage. A hollow tube of selectively permeable and/or porous material can 
also be used to construct all or part of the tubular passage. By way of example only, a variety 
of methods are available to shape the tube into a die as is commonly known to a craftsman 
skilled in the art 

The interior walls may furthermore be substantially smooth or may be provided with 
"ridges" or bumps on at least part of the wall. The presence of such modifications in the walls 
aids in the draw-down process. Such ridges or bumps are typically less than 10 % of the 
diameter of the tubular passage. 



The use of selectively permeable and/or porous walls of substantially all or part or 
parts of the tubular passage(s) enables the proper control within desired limits o£ for example, 
the concentration of fibre-forming material; solute composition; ionic composition; pH; 
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dielectric properties; osmotic potential and other physico chemical properties of the dope 
within the tubular passage by applying the well-known principles of dialysis, reverse dialysis, 
ultrafiltration and preevaporation. Electro-osmosis can also be used to control the composition 
of the dope within the tubular passage. It will be appreciated that a control mechanism 
receiving inputs relating to the product being formed, for example the diameter of the 
extruded product and/or the resistance countered in the tubular passage, such as during 
extrusion through the outlet of the tubular passage, can be used to control, for example, 
polymer concentration, solute composition, ionic composition, pH, dielectric properties, 
osmotic potential and/or other physicochemical properties of the dope within the tubular 
passage. 

The selective permeability and/or porosity of the walls of the or each tubular passage 
may also allow for the diffusion^through the walls of further substances into the tubular 
passage(s) provided that these have a molecular weight lower than the exclusion limit of the 
selectively permeable material from which the walls of the tubular passages) are constructed. 
By way of example only the additional substances added to the dope in this manner may 
include surfactants; dopants; coating agents; cross-linking agents; hardeners; and plasticizers. 
Larger sized aggregates can be passed through the walls of the tubular passage if it is porous 
rather than being simply semipermeable. 

The compartments surrounding the walls of the tubular passage or passages may act as 
one or more treatment zones or baths for conditioning the fibre as it passes through the tubular 
passage(s). Additional treatment can occur after the material has exited the outlet of the 
tubular passage. 

One or more regions of the or each tubular passage may be surrounded by one or more 
compartments arranged consecutively so as to act as a jacket or jackets to hold solution, 
solvent, gas or vapour in contact with the outer surface of the selectively permeable walls of 
the tubular passage(s). Typically solution, solvent, gar or vapour is circulated through the 
compartment or compartments. The walls of the compartment or compartments are sealed to 
the outer surface of the wall or walls of the tubular passage(s) by methods that will be 
understood by a person skilled in the art. The compartment or compartments serve to control 
the chemical and physical conditions within the or each tubular passage. Thus the 
compartments surrounding the tubular passage(s) serve to define the correct processing 
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conditions within the dope at any point along the tubular passage(s). In this way parameters 
such as the temperature; hydrostatic pressure; concentration of fibre-forming material; pH; 
solute; ionic composition; dielectric constant; osmolality or other physical or chemical 
parameter can be controlled in different regions of the tubular passage as the dope moves 
down the length of the die. By way of example only, continuously graded or stepped changes 
in the processing environment can be obtained. 

Conveniently a selectively permeable/porous membrane can be used to treat one side 
of a forming extrusion in a different way to the other side. This can be used, for example, to 
coat die extrusion or remove solvent from it asymmetrically in such a way that the extrusion 
can be made to curl or twist 



Sensors can be included in^he tubular passage in order to measure parameters such as 
temperature, pressure, chemical composition, pH and/or light scattering. Using the results of 
the sensors, the process parameters of the extrusion process can be dynamically altered. Light 
scattering sensors can detect the presence, size and distribution of particles within the dope 
and can, with appropriate software, determine whether the dope is in a sol or gel state. 

All or part of the draw down process may typically occur within the tubular passage of. 
the die rather than at the outer face of the die assembly as occurs in existing spinning 
apparatus. The former arrangement offers advantage over existing spinning apparatus. The, 
distortion of molecular alignment due to die swell is avoided. The region of the die assembly 
after the internal commencement of the draw down taper can be used to apply coatings or 
treatments to the extrusion. Further, the last part of the die assembly is water lubricated by the 
solvent-rich phase surrounding the extrusion. 

By way of example only the apparatus can be used for forming fibres from dopes 
containing solutions of recombinant spider silk proteins or analogues or recombinant silk 
worm silk proteins or analogues or mixtures of such proteins or protein analogues or 
regenerated silk solution from silkworm silk. When these dopes are used it is necessary to 
store the dope at a pH above a critical value to prevent the premature formation of insoluble 
material. It will be appreciated that other constituents may be added to the dope to keep the 
proteins or protein analogues in solution. These constituents may then be removed through the 
semipermeable and/or porous Avails when the dope has reached the appropriate portion of the 
tubular passage in which it is desired to induce the transition from liquid dope to solid 
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product, e.g. thread or fibre. Hie dope within the tubular passage can then be brought by 
dialysis against an appropriate acid or base or buffer solution to a pH value at or close to the 
critical value to induce the aggregation or conformation change in one or more of the 
constituent proteins of the dope. Such a pH change will promote the formation of an insoluble 
5 material. A volatile base or acid or buffer can also be diffused through the walls of the or each 
tubular passage from a vapour phase in the surrounding compartment or jacket to adjust the 
pH of the dope to the desired value. Vapour phase treatment to adjust the pH can also occur 
after the extruded material has left the outlet of the die assembly. 

10 The draw rate and length, wall thickness, geometry and material composition of the or 

each tubular passage may be varied along its length to provide different retention times and 
treatment conditions to optimise the process. 

% 

One or more regions of the walls defining the or each tubular passage can be made 
15 impermeable by coating their inner or outer surfaces with a suitable material to modify the 
internal environment in a length of the tubular passage using any coating method as will be 
understood by a person skilled in the art 

The inner surface of the walls of the or each tubular passage can be coated with 
20 suitable materials to reduce the friction between the walls of the tubular passage and the dope 
or fibre. Such a coating can also be used to induce appropriate interfacial molecular alignment 
at the walls of the tubular passage in liquid crystalline polymers when these are included in 
the dope. 

25 A further embodiment allows for one or more additional components to be fed to the 

start of the or each tubular passage via concentric openings to allow two or more different 
dopes to be co-extruded through the same tubular passage allowing for the formation of one 
or more coats or layers to the fibre or fibres. 

30 A further embodiment utilises a dope prepared from a phase separating mixture 

containing two or more components which, for example, may be different proteins. The 
removal or addition of components through the selectively permeable and/or porous material 
can be used to control the phase separation process to produce droplets of one or more 
components typically with a diameter of 100 to 1000 nm within the bulk phase in the final 
extrusion. These can be used to enhance the toughness and other mechanical properties of the 
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extrusion. The use of a convergent or divergent die conveniently induces elongational flow in 
the droplets to produce orientated and elongated filler particles or voids within the bulk phase. 
A convergent die will orientate and elongate such droplets in a direction parallel to that of the 
formed product whereas a divergent die will tend to orientate the droplets in hoops transverse 
to the direction of flow of each particle within the tubular passage of the dope. Both types of 
arrangement can be used to enhance the properties of the formed product Further it will be 
understood that the selectively permeable and/or porous walls of the or each tubular passage 
can be used to diffuse in or out chemicals to initiate the polymerisation of filler particles. 

The extrusion apparatus with one or more tubular passages surrounded by a 
compartment or compartments to act as jackets can be constructed by one or two stage 
moulding or other methods known to a person dolled in the art The jackets do not have to 
completely surround the tubular passage. The jackets can be of different shape as appropriate. 
It will be appreciated that a moulding process can be used to create simple or complex 
profiles for the or each tubular passage and the outlet of the die assembly. Very small flexible 
lips can be formed, e.g. moulded, at the outlet to prevent the escape of the contents of the 
treatment bath and act as a restriction to enable an optional additional air drawing stage or wet 
drawing after the material has left the outlet of the die assembly should this be required. The 
microscopic profile of the inner surface of the lips at the outlet can be used to modify the 
texture of the surface coating of the extruded material. 

In one embodiment of the invention, the extrusion apparatus is manufactured using the 
so-called LIGA process. The principles of the LIGA process are described in the book 
"Angewandte Mikrotechnik. LIGA - Laser - Feinwerktechnik" by Rainer Bruck and Andreas 
Schmidt (Herausgeber). Munich: Hanser Fachbuch, 2001. 

In the LIGA prcess, an electrically-conductive base plate is covered with a layer of 
resist The resist is typically a poly (methyl methacrylate) (termed PMMA) based resist, but 
may also be a poly-(lacitde-coglycolide) resist, a polyimide resist or another suitable resist A 
resist pattern is formed in the resist by lithographic thechniques. The lithographic techniques 
used include photolithographic, UV-lithographic or X-ray lithographic process. The smallest 
structures are created using synchrotron radiation. Alternatively, the resist pattern could be 
formed by laser or electron ablation. 
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A layer of metal, typically nickel, copper, gold, NiFe or NiP, is subsequently placed 
over the resist pattern using an electroformation process. The electrically-conductive base 
plate is removed and the remaining resist pattern dissolved to produce a mould insert The 
mould insert is then filled with a plastic moulding compound from which the extrusion 
apparatus is moulded- 

By way of further example only, the jackets and supports for the tubular passages can 
also be constructed from two or more components, by laser ablation or constructed in other 
ways as will be understood by a person skilled in the arts. It will be appreciated that this 
method of construction is modular and that a number of such modules can be assembled in 
parallel to produce simultaneously a number of fibres or other shaped products. Sheet 
materials can be produced by a row or rows of such modules. Such a modular arrangement 
allows for the use of manifolds t^ supply dope to the inlet of the tubular passage(s) and to 
supply and remove processing solvents, solutions, gases or vapours to and from the jacket or 
jackets surrounding the tubular passages. Additional components may be added if desired. 
Potential modifications to the arrangements shown will be apparent to persons skilled in the 
art 



Other methods of constructing spinning apparatus in which the walls of the tubular 
passages are substantially or partially constructed from semipermeable and/or porous material 
or materials will be known by a person skilled in the art By way of example only these 
include micro-machining techniques, laser ablation techniques and lithography techniques. In 
addition it will be appreciated that walls of the tubular passages substantially or partially 
constructed from semipermeable/porous material can be incorporated into other types of 
spinning apparatus, such as electrospinning apparatus. 



The or each tubular passage may be made self-starting and self-cleaning. It will be 
appreciated that blockage of spinning dies during the commercial production of extruded 
materials is time-consuming and costly. To overcome this difficulty, the walls of the tubular 
passage may be constructed by two or more jackets arranged in sequence. The pressure in 
each of these jackets can be varied independently by methods that will be understood by a 
craftsman skilled in the art Pressure changes in the jackets can be used to change the diameter 
of different regions of the tubular passage in a manner analogous to a peristaltic pump to 
pump the dope to the outlet to commence the drawing of fibres or to clear a blockage. Thus a 



WO 2004/0«jj^ PCT/EP2003/013031 

decrease in pressure in a jacket towards the outlet end of the tubular passage will dilate the 
elastic walls of the tubular passage within the jacket If the pressure is now raised in a second 
jacket closer to the input end of the tubular passage a region of the walls of the tubular 
passage running through this jacket will tend to collapse forcing the dope towards the outlet 
Alternatively, the pressure in the dope fed to the tubular passage could be increased causing 
the diameter of the elastic tubular passage walls to increase. It will be appreciated that both 
methods could be used together or consecutively. With both methods, die elasticity of the 
passage walls enables the diameter of the tubular passage to be increased reducing the 
resistance to flow. With both methods it is to be noted that increasing the pressure of the dope 
will also assist in start up and in clearing blockages in die tubular passage. It will also be 
appreciated by way of example only that the use of rollers such as are used in peristaltic 
pumps can be used as an alternative means of applying pressure to pump dope to the outlet to 
commence spinning or to clear a blockage. 

The pressure in the sealed compartments surrounding the tubular passages) may be 
controlled to define and modify the geometry of die tubular passage to optimise spinning 
conditions. It will be also appreciated that the semipermeable or porous membrane can be 
used to introduce agents to help clean blocked dies. Such agents include ammonia vapour or 
solutions, including dilute solutions, of alkalis or alkaline buffers. 

If the or each tubular passage has a convergent or divergent geometry along all or part 
of its length, filler particles or short fibres included in the dope may be orientated as they flow 
through the tubular passage by exploiting the well understood principle of elongational flow. 
It will be understood that the substantially axial orientation of such filler particles or short 
fibres will be produced by a convergent tubular passage while a divergent one will produce 
orientation in the hoop direction that is approximately transverse to the long axis of the 
extruded material. Both patterns of orientation confer additional useful properties on the fibre. 
It will be appreciated that a convergent or divergent geometry of all or part of the or each 
tubular passage will also serve to elongate and orientate small fluid droplets of an additional 
solvent or solution or other phase or phases or additional unpolymerised polymer or polymers 
present in the dope as supplied to the tubular passage or arising by a process of phase 
separation within the dope. The presence of elongated phase separation within the dope. The 
presence of elongated and well orientated narrow inclusions formed by either a convergent or 
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divergent tubular passage can be used to confer additional useful properties to the extruded 
material. 

The apparatus my be arranged in such a way that two or more fibres are formed in 
parallel and twisted around each other or crimped or wound onto a former or coated or left 
uncoated as desired. The fibres can be drawn through a coating bath and subsequently through 
a convergent die to give rise to a "sea and island" composite material as will be understood by 
a person skilled in the art One or more rows of dies or one or more dies with slit or annular 
opening can be used to form sheet materials. 



Best Mode for Carrying out the Invention 



Figure 1 shows a schematic apparatus for the formation of extruded materials from a 
extrusion solution such as liquid crystalline polymer or other polymers or polymer mixtures. 
The apparatus comprises a dope reservoir 1 containing dope 25; a pressure regulating valve or 
pump means 2 which maintains a constant output pressure under normal operating conditions; 
a connecting pipe 3; and a spinning die assembly 4 comprising at least one spinning tube or 
die further described in figures 2 to 5. A take-up drum 5 of any known construction draws out 
at a draw rate and reels up extruded material at a constant uptake tension exiting from the 
outlet of the die assembly 3. The pressure regulating valve or pump means 2 may be any 
device normally producing a constant pressure commonly known to a person skilled in the art 



The arrangement shown in Figure 1 is purely exemplary and additional components to 
the arrangement shown in Figure 1 will be apparent to persons skilled in the art. In use dope 
25 is passed from the feedstock reservoir 1 at a constant low pressure by means of the 
regulating valve or pump means 2 via the connecting pipe 3 to the inlet of the spinning die 
assembly 4. 



The apparatus may further comprise one or more sensors, shown schematically at 70. 
The one or more sensors 70 are connected to a microprocessor 75 which receives the output 
from the one or more sensors 70. The sensors 70 are preferably integral to the die assembly 4, 
Le. they are constructed at the same time and in the same manufacturing step. An output of 
the microprocessor 75 can be used to regulate the parameters of the extrusion process such as 
the extrusion rate, uptake tension draw rate and pH. It will be furthermore understood that 
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components of the microprocessor 75 can be made integral to the apparatus. In particular the 
components can be fabricated with the other parts of the apparatus. 



The die assembly 4 is shown in greater detail in Figures 2 and 3 and comprises a first 
spinning tube or die 8 upstream of a second spinning tube or die 12, the dies together defining 
a tubular passage 17 for spinning solution 25 through thee die assembly 4. The die 12 has an 
interior wall 18 and is divided into an initial zone 60 and a subsequent zone 62. The dies 8 
and 12 are made of semipermeable and/or porous material, such as cellulose acetate 
membranes or sheets. Other examples of suitable semipermeable and/or porous materials are 
diethylaminoethyl or carboxyl or carboxymethyl groups which help to maintain protein- 
containing dopes in a state suitable for spinning. Hollow-fibre membranes material, such 
hollow-fibre membranes being made from polysulfone, polythyleneoyide-polysulfone blends, 
silicone or polyacrylonitrile caife also be used. The exclusion limit selected for the 
semipermeable membrane will depend on the size of the small molecular weight constituents 
of the spinning dope 25 but is typically less than 12fcDa. 



Hie die 8 is held at its upstream end by a tapered adaptor 6 positioned at the 
inlet end of the die assembly 4 and at its downstream end by a tapered adaptor 7 positioned 
internally in the die assembly 4. The die 8 is held at its upstream end by the adaptor 7 and at 
its downstream end by a spigot 13 at the outlet of the die assembly 4. Hie die 8 has a 
convergent, preferably hyperbolic, internal passage and the geometrical taper is preferably 
continued with die internal passage of the die 12. This can be achieved during construction by 
softening a semipermeable tube or die an a warmed suitably tapered mandrel, or by other 
methods as will be appreciated by a craftsman skilled in the art before fitting the spinning 
tube or die into the apparatus. The internal passages of the dies 8 and 12 together provide the 
tubular passage 1 7 for spinning solution from the inlet to the outlet of the die assembly 4. 

A jacket 9 surrounds the die 8 and may contain a fluid, e.g. a solvent, solution, gas or 
vapour to control the processing conditions within the spinning tube or die 8. The jacket 9 is 
fitted with an inlet 10 and an outlet 11 to control flow of fluid into and out of the jacket A 
further jacket 14 surrounds the tube or die 12 and is fitted with a fluid inlet 15 and a fluid 
outlet 16 to enable fluid, e.g. solvent, solution or gas, to be passed into and out of the jacket 
14 in contact with the semipermeable/porous walls of the die 12. 
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As an alternative to the die 8 shown having semipermeable walls, a die 8 may be 
constructed from material which is not semipermeable or porous but which is preferably 
tapered, e.g. convergently, and may be temperature-controlled by circulation fluid at a 
predetermined temperature through the jacket 9. 

In operation spinning solution or dope 25, e.g. a polymer solution, is fed to the inlet of 
the die 8, as the dope passes along the tubular passage 17 it is treated firstly as it passes 
through the die 8 and secondly as it passes trough the die 12. The fluid passing through the 
jacket 9 may merely serve to heat or maintain the dope 25 at the correct temperature or 
provide the correct external pressure to the walls of the die 8. in this case it is not essential for 
the walls of the die to be made of semipermeable and/or material. The temperature of the dies 
8 and 12 for the extrusion of protein-containing dopes 25 should typically be maintained at a 
temperature of about 20°C but spinning may be carried out at temperatures as low as 2°C and 
as high as 40°C. The temperature of the dies 8 and 12 for the extrusion of dopes can more 
generally be as high as 100°C providing that the material is not destroyed at this temperature. 
The pressure of the fluid, liquid or gas, in the jackets surrounding the walls of the tubular 
passage 17 is typically maintained at a pressure close to that at which the dope 25 is supplied 
to the die assembly 4. However the pressure can be somewhat higher or lower depending on 
the geometry of the dies and the strength of the generally flexible semipermeable and/or 
porous membrane. "Chemical" treatment of the dope 25 occurs during "draw down" as the 
dope 25 passes through the die 12 although chemical treatment may also occur as the dope 25 
passes through the die 8 if the walls of the latter are at least partly made of semipermeable 
material. In Figures 2 and 3, the abrupt pulling away of the dope 25 from the walls of the die 
12 at 12A indicates the internal draw down of the "fibre". This occurs at the boundary of the 
initial zone 60 and the subsequent zone 62. This is a feature of the invention as draw down in 
existing processes always start at the outer opening 13 of a die (i.e. the extrusion orifice) and 
not before. Hie pulling away of the "fibre" from the die walls at 12A occurs at a place in the 
tubular die 12 where the force required to produce extensional flow to create a new surface 
just falls below the force required to flow the dope through the die 12 in contact with the die 
walls. This is the position at which the surface energy of the interior wall 18 becomes lower 
than the surface energy of the dope 25. The position of 12A will depend on: the changing 
rheological properties of the dope; the rate and force of drawing; the surface properties of the 
die 12; the surface properties of the lining of the die 12; and the properties of the dope and the 
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aqueous phase surrounding the dope. The position of 12A should be at least 0.5 mm from the 
outer opening or spigot 13. 

In one embodiment of the invention, a surface 66 of the interior wall 18 of the die 12 
is provided with ridges 68 to facilitate the draw down of the fibre at position 12 A. This is 
shown in Figures 6 and 7. These ridges 68 have a height of typically less than 10% of the 
diameter of the die 12. Typically the diameter of the die 12 at this position is 20 Jim and the 
ridges 68 are 0.5 fim high. The ridges 68 could be between 100 nm and 20 \xm high. It is 
believed that draw-down of the fibre occurs because in the die 8 and the initial zone 60 of the 
die 12, rod-shaped units 64 in the dope 25 are arranged substantially perpendicular to the 
interior wall 18. At position 12A, these rod-shaped units start to "tumble" within the dope 25 
and thus increase the viscosity and decrease the surface energy of the dope 25. This produces 
changes in the rheology of the dopfe which, when aided by the presence of the ridges 68 on the 
interior wall 18, helps to initiate the drawing down of the fibre. 

It will be appreciated that the temperature, pH, osmotic potential, colloid osmotic 
potential, solute composition, ionic composition, hydrostatic pressure or other physical or 
chemical factors of the solution, solvent gas or vapour supplied to the jacket(s) control or 
regulate the conditions inside the tubular passage 17 and thus the extrusion process as is 
commonly understood by a craftsman skilled in the art Chemicals in the fluid supplied to the 
jackets) 9 are able to pass through the semipermeable and /or porous walls of the tubular 
passage 17 to "treat" the dope 25 passing therethrough. It is also possible for chemicals in the 
dope 25 to pass outwardly through the semipermeable and/or porous walls of the tubular 
passage 17. The fluids supplied to the dope 17 will obviously depend on the type of dope 25 
used and the semipermeable and/or porous membranes used. However, by way of example 
only, for the spinning of concentrated spider major ampullate gland protein solutions, the 
jacket 9 may contain 100 mM Tris or PIPES buffer solution, typically at a pH of 7.4, and 400 
mM sodium chloride to help maintain the folded state of the protein. The jacket 14 may 
contain 100 mM ammonium acetate buffer solution at al lower pH, typically less than 5.0, and 
250 mM potassium chloride to encourage the unfolding /refolding of the protein. High 
molecular weight polyethylene glycol can be added to the solution in both jackets to maintain 
or reduce the concentration of water in the dope 25. 
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It will be realised that the spinning tube or die 12 can be hanked or coiled or arranged 
in other ways between the tapered collar 7 and the spigot 13. The diameter and cross-sectional 
shape or the exit 13 can be varied or adjusted to suit the diameter and cross sectional shape of 
the formed material. For a formed product having a circular cross-sectional, the typical 
diameter of the outlet is from 1 to 100 Jim and the typical diameter of the inlet to the tubular 
passage 17 would be from 25 to 150 times greater than the outlet diameter depending on the 
extent of the extensional flow. It will be appreciated that the arrangements and proportions 
shown in Figure 2 are purely exemplary and thus that additionally components may be added 
if desired. Potential modifications to the arrangements shown in Figure 2 will be apparent to 
persons skilled in the art 

Figure 4 shows a module containing three spinning tubes or dies 12 mounted within a 
housing defining three "jackets" **14, the same numbering being used as in the previous 
embodiments to identify the same or similar parts. The arrangements and proportions shown 
in Figure 2 are purely exemplary and thus additional components may be added if desired. 
Potential modifications to the arrangements shown in Figure 4 will be apparent to persons 
skilled in the art, including the provision of fewer or more dies 12 or jackets 14. 

Figure 5 shows how two or more modular units constructed from the apparatus shown 
in Figure 4 can be held together to enable a plurality of extruded fibres to be produced. It will 
be appreciated that the arrangements and proportions shown in Figure 5 are purely exemplary 
and thus additional components may be added if desired. Potential modifications to the 
arrangements shown in Figure 5 will be apparent to persons skilled in the art 

The permeability or porosity of the walls of the tubular passage may be the same 
throughout the length of the latter. Alternatively, however, if the tubular passage 17 passes 
through more than one treatment zone the permeability/porosity of the walls of the tubular 
passage may change from treatment zone to treatment zone by using different semipermeable 
or porous materials for the walls of the tubular passage. Thus the walls of the tubular passage 
17 may comprise: semipermeable material of the same permeability throughout the length of 
the tubular passage; semipermeable material of different permeability for different portions of 
the tubular passage; porous material of the same porosity throughout the length of the tubular 
passage 17; porous material of different porosity for different portions of the passage; or 
semipermeable material for one or more portions of the length of the tubular passage and 
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porous material for one or more other portions of the tubular passage. As mentioned above, 
some portions of the walls of the tubular passage may be non-permeable. By way of example 
only, suitable semipermeable materials are: cellulose derivatives, expanded PTFE, 
polysulfone, polyethylenoxide-polysulfone blends, and silicone polyacrylonitrile blends. By 
way of example only, the suitable porous materials are: polyacrylate, poly (lactide-co- 
glycolide), porous PTFE, porous silicon, porous polyethylene, cellulose derivatives and 
chitosau. 



It will be appreciated that the apparatus is suitable for the information of fibres of 
sheets from all solutions of lyotropic liquid crystal polymers whether synthetic or man-made 
or natural or modified or copolymer mixtures or solutions of recombinant proteins or 
analogues derived from them or mixtures of these. By way of example only these include 
collagens; certain cellulose derivatives; spidroins; fibroins; recombinant protein analogues 
based on spidroins, or fibroins, and poly (p-phenylene terephthalates). The method is also 
suitable for use with other polymers or polymer mixtures provided that they are dissolved in 
solvents, whether aqueous or non-aqueous, protein solutions, cellulose or chitin solutions. It 
will also be appreciated that the use of one or more semipermeable and/or porous treatment 
zones can be used for dies or die assemblies having essentially annular or elongated slit 
openings used for the formation of sheet materials. 
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Claims 



1. 

10 



15 

2. 
3. 

20 

4. 

25 5. 

6. 

30 

7. 

35 8. 



Extrusion apparatus comprising: 

at least one first reservoir (1) connected at a first aid to a first opening of a 
plurality of regulatory modules (4) containing passages (17), through 
which material (25) is extrudable, wherein the extrusion apparatus (4) has 
at least 1,000 passage (17) per square metre cross-section. 

Extrusion apparatus according to claim 1, wherein the regulatory module (4) 
additionally comprises at least one second reservoir. 

Extrusion apparatus according to claim 2, wherein the second reservoir is 
fluidly connected to at least an opening in at least one of the passages (17). 

Extrusion apparatus according to one of the above claims, further comprising 
sensors (70). 

Extrusion apparatus according to one of the above claims, further comprising 
at least one of the following sensors: pressure sensors, temperature sensors, 
chemical sensors, pH sensors and/or light-scattering sensors. 

Extrusion apparatus according to one of the above claims, wherein at least one 
of the regulatory modules (4) comprise at least one individual sensor (70). 

Extrusion apparatus according to one of the above claims, wherein the sensors 
are integral to the regulatory modules (4). 

Extrusion apparatus according to one of the above claims, wherein the 
regulatory modules (4) further additionally comprise one or more pumps (2). 



40 



9. 



Extrusion apparatus according to one of the above claims, wherein the 
regulatory modules (4) further additionally comprise piezo-electric or 
vibration pumps (2). 
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1 0. Extrusion apparatus according to one of the above claims, wherein the tubular 
passages (17) have flow inlets. 

1 1 . Extrusion apparatus according to one of the above claims, wherein the interior 
wall of the passages (17) are made of a permeable material. 

12. Extrusion apparatus according to one of the above claims, wherein the 
regulatory modules (4) are injection moulded. 

1 3. Extrusion apparatus according to one of the above claims, wherein the 
regulatory modules (4) are formed by ablasion. 

14. Extrusion apparatus according to any of the above claims, wherein in 
operation the material (25) is drawn down at a first distance at least 0.5 mm 
from an outer exit opening (13) within the passage (17). 

1 5. Extrusion apparatus according to any one of the above claims, wherein a 
component of the material (25) in an initial zone in one of the passages (17) 
forms rod-shape units (64) that are substantially perpendicular to the internal 
surface of the passage (17). 

16. Extrusion apparatus according to any one of the above claims, wherein a 
component of the material (25) in a subsequent zone (62) of one of the 
passages (17) has rod-shaped units (64) which tumble as material (25) flows 
within the passage (17). 

17. Extrusion apparatus according to any one of the above claims, further 
comprising a ridged surface (66) having a plurality of ridges (60) on the 
internal surface of the passage (17). 



18. 



Extrusion apparatus according to claim 17, wherein the height of the ridges 
(60) are less than 10% than the diameter of the passage (17). 
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5 19. Extrusion apparatus according to one of claims 17 or claim 18, wherein the 

ridged surface (66) has a surface energy lower than the surface energy of the 
material (25). 

20. Extrusion apparatus according to one of the claims 17 to 19, wherein the 

10 ridges (60) are substantially oriented along a long axis of the tubular passage 

(17). 

21. Extrusion apparatus according to one of the claims 17 to 20, wherein the 
ridges (60) are made of hydrophobic material. 

15 

22. Extrusion apparatus according to one of the claims 17 to 20, wherein the 
ridges (60) are coated with hydrophobic material 

23. Extrusion apparatus according to one of the claims 17 to 22, wherein the draw 
20 down occurs substantially adjacent to the ridge-shaped surface coating (66). 

24. Extrusion apparatus according to any one of the above claims, wherein the 
material (25) is a liquid crystalline polymer, 

25 25. Extrusion apparatus according to any one of the above claims, further 

comprising cleaning apparatus. 

26. Extrusion apparatus according to claim 25, wherein the cleaning apparatus 
comprised a permeable interior wall of the passage (17) through which 

30 cleaning agents are introduced. 

27. Extrusion apparatus according to claim 26, wherein the cleaning agents are 
alkaline fluids. 



35 28. 



Extrusion apparatus according to one of claims 3 to 27, further comprising a 
microprocessor (75) connected to the sensor (70). 
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29. Extrusion apparatus according to claim 28, wherein the microprocessor (75) 
has an output for sending signals to regulate at least one parameter of the 
extrusion apparatus. 

30. Extrusion apparatus according to one of claims 28 or 29, wherein the 
microprocessor (75) is integral to the regulatory module (4). 

3 1 . Extrusion apparatus according to any one of the above claims, wherein the 
extrusion apparatus is a spinning apparatus. 

32. Object formed from the extrusion apparatus according to any one of the above 
claims. 
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J see additional sheet 

2 - □ ^^S^* h,s COM te Searched wllhwrt effort>istifying an additional fee, this Authority did not invite payment 

3. [~n As only sane of the required additional search fees were timely paid by the applicant, this International Search Rpnort 
I 1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: mxemaiionai search Report 

1 4. | v 1 No reauired additional search fees were timelv nairf hv tfv» nnrJir-nnt ^ftnea«i«-ii„ » . . _ 

^ rested tome ,ntemato ^ Search Report Is 

1-3, 19-13, 24, 31-32 

Remark on Protest Q The additional search fees were accompanied by the applicant's protest 
J j~j No Pro*** accompanied the payment of additional search fees. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-3, 10-13, 24, 31-32 

Extrusion apparatus comprising at least two reservoirs or 
the regulatory modules are injection molded. 

2. claims: 4-7, 28-30 

Extrusion apparatus comprising a sensor 

3. claims: 8-9 

Extrusion apparatus comprising, wherein the regulatory 
modules comprise at least one pump 



4. claims: 14-23 



The extrusion appartus comprising a drawn down within the 
tubular passage before the outer exit opening. 



5. claims: 25-27 

Extrusion apparatus comprising a cleaning apparatus. 
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OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 



Date of mailing (day/month/year) 

19 October 2004 (19.10.2004) 



C^-REATY 

From the INTERNATIONAL BUREAU 



To: 



WHITE, Nicholas, J. 
Rouse Patents f ~\ (•' • 

Windsor House; i: 2L --""' 
Cornwall Road \ o k nPT TflfU 
Harrogate HG1 2Pv/ J U 
United Kingdom 



IMPORTANT NOTIFICATION 



International application No. 
PCT/EP2003/013031 



International filing date (day/month/year) 
14 November 2003 (14.1 1.2003) 



1. The following indications appeared on record concerning: 
[X] the applicant Q the inventor Q the agent Q the common representative 



Name and Address 

SPINOX LIMITED 
Units 14-15 
Galaxy House 
New Greenham Park 
Newbury 
Berks RG196HW 
United Kingdom 



State of Nationality 
GB 

Telephone No. 



State of Residence 
GB 



Facsimile No. 



Teleprinter No. 



2. The Internationa. Bureau hereby notifies the applicant that the following change has been recorded concerning: 
[Xj the person □ the name Q the address [J , ne nationality Q the residence 



Name and Address 

SPINTEC ENGINEERING GMBH 
Cannstatter Strasse 48 
70734 Fellbach 
Germany 



3. Further observations, if necessary: 



State of Nationality 
DE 



Telephone No. 



State of Residence 
DE 



Facsimile No. 



Teleprinter No. 



4. A copy of this notification has been sent to: 
| X| the receiving Office 
I X[ the International Searching Authority 

□ 

the International Preliminary Examining Authority 



| X| the designated Offices concerned 
| | the elected Offices concerned 
| | other: 



The International Bureau of WIPO 
34, chemtn des Colombettes 
121 1 Geneva 20, Switzerland 



Facsimile No. (41-22) 338.89.75 



Authorized officer 

Peggy Steunenberg 

Telephone No. (41-22)338 9482 
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006474198 



————— For receiving Office use only 
International Application No. 

REQUEST 

International Filing Date 

The undersigned requests that the present 
international application be processed 
according to the Patent Cooperation Treaty. |Name of receiving Office and "PCT International Application" 



Applicant's or agent's file reference 

(if desired) (12 characters maximum) SPI 00160/WO 



Box No. I TITLE OF INVENTION 






Apparatus and Method for Forming Materials 




Box No. II APPLICANT |_J This person is also inventor 


Name and address: (Family name followed by given namejfor a legal entity. Jull official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is. country) of residence if no State of residence is indicated below) 


Telephone No. 


Spinox Limited 

Units 14-15 

Galaxy House 

New Greenhara Park 

Newbury 

Berks RG19 6HW 

United Kingdom 




Facsimile No. 




Teleprinter No. 




Applicant's registration No. with the Office 


State (that is, country) of nationality: 
GB 


State (that is. country) of residence: 

United Kingdom 


This person is applicant 1 1 all designated ran all designated States except I 1 

for the purposes of: | I States 1* 1 the UnitedStetes of America 1 | 


the United States 1 1 the States indicated in 

of America only ( | the Supplemental Box 


Box No. in FURTHER APPLICANTS) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is. country) of residence if no State of residence is indicated below.) 

VOLLRATH, Friedrich Wilhelm Ludwig Paul 
Upper Woods Farm, Islip Road, Beckley, Oxford 
Oxfordshire , OX3 9TF 
United Kingdom 


This person is: 

I | applicant only 

|X| applicant and inventor 

I 1 inventor only (If this check-box 
I 1 is marked, do not fill in below.) 






Applicant's registration No. with the Office 


State (that is, country) of nationality: 
DE 


State (that is, country) of residence: 

United Kingdom 


SCS , S Cant n^ igDatCd PI fift&^^f 50 * BFI the United States |— 1 the States indicated in 
ior ine purposes ot. 1 1 States 1 1 the United States of America l*J of America only I | the Supplemental Box 


1 Further applicants and/or (further) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf ron i — i common 

of the applicants) before the competent International Authorities as: [*J a 8 ent | | representative 


Name and address: (Family name followed by given name: for a legal eruity.fuU official designation. 

The address must include postal code and name of country.) \ 

WHITE- Dr Nicholafi .7 


Telephone No. 
44 1423 850800 


Rouse Patents 
Windsor House 
Cornwall Road 
Harrogate 
HG1 2PW 




Facsimile No. 
44 1423 850809 




Teleprinter No. 


United Kingdom 




Agent's registration No. with the Office 


1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
1 — 1 space above is used instead to indicate a special address to which correspondence should be sent. 
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Continuation of Box No. Ill FURTHER APPLICANTS) AND/OR (FURTHER) INVENTOR(S) 

j If none of the following sub-boxes is used, this sheet should not be included in the request. 


I VT j auura>&. (ramify name jouowea oy given name, Jora legal entity, full official designation 
1 The address must include postal code and name of country. The country of the address indicated in thL 
1 Box is the applicant's State (that is. cxnmtry)ofresidenceifnoStaie of residence is 

KNIGHT, David Philip 
J 107 Teg Down Meads 
1 Winchester 
1 Hampshire 

S022 5NG 

United Kingdom 


This person is: 

j | applicant only 

\X | applicant and inventor 

1 | inventor only (If this check-box 
l I is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
GB 


State (that is, country) of residence: 
United Kingdom 


^r 1 ?h^ZIt5^f- Cant I - ! tJ^®"*** I" 1 ft^ l %S t Zt? t * tC ?f XCC * t 1*1 ^ A V ^ States |— 1 the States indicated in 
j for the purposes of: I I States I | the United States of America LSJ of America only | | the Supplemental Box 


1 Name and address: (Family name followed by given name; for a legal entity, full official designation 
1 The address must include postal code and name of country. The country of the address indicated in this 
I Box is the applicant 's State (that is. country) of residence if no State of residence is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

1 I inventor only (If this check-box 
\ — 1 is marked, do not fill in below) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 


State (that is, country) of residence: 


^^^1^^ n &^ ignatCd F1 3? ^^i?^ 1 1 States I 1 States indicated in 

| for the purposes of: I 1 States J | the United States of America | | of America only | | the Supplemental Box 


1 Name and address: (Family name followed by given name±fbr a legal entity 
1 The address must include postal code and name of country. The country of tht 
j Box is the applicant s State (that is. country) of residence if no State ofresidenct 


^, full official designation. 
' address indicated in this 
• is indicated below.) 


This person is: 

| | applicant only 

1 | applicant and inventor 

1 1 inventor only (If this check-box 
I 1 is marked, do not fill in below ) 




Applicant's registration No. with the Office 


j State (that is, country) of nationality: j 


State (that is. country) of residence: 


V? S i£?™° n 1S apP i icant I I |« designated 1 1 all designated States except j 1 the United States 1 1 the States indicated in 

for the purposes of: 1 1 States | | the United States of Amenca I I of America only | | the Sup^emeiS Box 


1 ^ me . address: (Family name followed by given name±for a legal entity, full official designation. 
1 The address must include postal code and name of country. The country of the address indicated in this 
j Box is the applicant 's State (that is. country) of residence if no State of residence is indicated below.) 


This person is: ' 
| | applicant only 

| | applicant and inventor j 

1 | inventor only (If this check-box 
i 1 is marked, do not fill in below.) 

Applicant's registration No. with the Office 


State (that is, country) of nationality: 


State (that is, country) of residence: 


This person is applicant 1 1 aD designated | 1 all designated state* except I 1 the United States 1 1 the States indicated in 

for the purposes of: | | States | | the United States of Amenca | | of America only | | the Supplemental Box 


1 1 Further applicants and/or (further) inventors are indicated on another continuation sheet 
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Box No. V DESIGNATION OF STATES Mark the applicable check-boxes below; at least one must be marked. 



The following designations are hereby made under Rule 4.9(a): 
Regional Patent 

H AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan 
SL Sierra Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZM Zambia, ZW Zimbabwe, and any other* 
State which is a Contracting State of the Harare Protocol and of the PCT (if other kind of protection or treatment desired 
specify on dotted line) 

Bl EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republic of Moldova, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian* 
Patent Convention and of the PCT 

Bl EP European Patent: AT Austria, BE Belgium, BG Bulgaria, CH & LI Switzerland and Liechtenstein, CY Cyprus, CZ Czech 
Republic, DE Germany, DK Denmark, EE Estonia, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece 
HU Hungary, IE Ireland, IT Italy, LU Luxembourg, MC Monaco, NL Netherlands, PT Portugal, RO Romania, SE Sweden' 
SI Slovenia, SK Slovakia, TR Turkey, and any other State which is a Contracting State of the European Patent Convention 
and of the PCT 

Bl OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI C6te d'lvoire, CM Cameroon, 
GA Gabon, GN Guinea, GQ Equatorial Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal] 
TD Chad, TG Togo, and any other State which is a member State of OAPI and a Contracting State of the PCT (if other kind 

of protection or treatment desired, specify on dotted line) 

National Patent (if other kind of protection or treatment desired, specify on dotted line): 

Bl AE United Arab Emirates Bl HR Croatia fQ OMOman 

Bl AG Antigua and Barbuda Bl HU Hungary OH PG Papua New Guinea 

H AL Albania Bl ID Indonesia Bl PH Philippines 

Bl AM Armenia Bl IL Israel 68 PL Poland 

Bl AT Austria Bl IN India B PT Portugal 

Bl AU Australia 69 IS Iceland Bl RO Romania 

B AZ Azerbaijan B JP Japan B RU Russian Federation 

B BA Bosnia and Herzegovina B KE Kenya 

B BB Barbados B KG Kyrgyzstan B SC SeycheUes 

B BG Bulgaria B KP Democratic People's Republic B SD Sudan 

H BR Brazil of Korea B SE Sweden 

Jfl BY Belarus B KR Republic of Korea B SG Singapore 

JQ BZ Belize B KZ Kazakhstan B SK Slovakia 

B CA Canada B LC Saint Lucia B SL Sierra Leone 

B CH & LI Switzerland and Liechtenstein B LK Sri Lanka B SY Syrian Arab Republic 

B CN China B LR Liberia B TJ Tajikistan 

B CO Colombia BB LS Lesotho B TM Turkmenistan 

B CR Costa Rica 63 LT Lithuania B TN Tunisia 

B CU Cuba B LU Luxembourg B TR Turkey 

9 CZ Czech Republic B LV Latvia B TT Trinidad and Tobago 

3 DE Gennany B MA Morocco 

3 DK Denmark B MD Republic of Moldova B TZ United Republic of Tanzania 

fl DM Dominica ^ B UA Ukraine 

3 DZ Algeria B MG Madagascar B UG Uganda 

fl EC Ecuador B MKThe former Yugoslav Republic of B US United States of America 

3 EE Estonia Macedonia 

3 ES Spain B MN Mongolia jfl UZ Uzbekistan 

3 Fl Finland B MWMalawi B VC Saint Vincent and the Grenadines 

0 GB United Kingdom B MX Mexico B VN Viet Nam 

D GD Grenada B MZ Mozambique B YU Serbia and Montenegro 

3 GE Georgia B NI Nicaragua B ZA South Africa 

fl GH Ghana B NO Norway B ZM Zambia 

B GM Gambia B NZ New Zealand B ZW Zimbabwe 

Check-boxes below reserved for designating States which have become party to the PCT after issuance of this sheer 

~ B B 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all 
other designations which would be permitted under the PCT except any designations) indicated in the Supplemental Box as being 
excluded from the scope of this statement The applicant declares that those additional designations are subject to confirmation and that 
any designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the 
applicant at the expiration of that time limit (Confirmation fmcludingfees) must reach the receiving Office within the 15-month time limit.) 
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Box No. VI PRIORITY CLAIM 



The priority of the following earlier application(s) is hereby claimed: 



1 Filing date 

of earlier application 
1 (day/month/year) 


Number 
of earlier application 


Where earlier application is: 


national application: 
country or Member 
of WTO 


regional application:* 
regional Office 


international application: 
receiving Office 


1 item(l) 

j 14/11/2002 


0226576.7 


GB 






1 item (2) 










1 item (3) 










1 item (4) 










I item (5) 











I I Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application^) (only 
if the earlier application was filed with the Office which for the purposes of this international application is the receiving Office) identified 
above as: 

□ allrtems □ item(l) □ item(2) □ item(3) □ item(4) □ hem(5) □ Su^ple^ntal Box 

* Where the earlier application is an ARIPO explication, indicate at least one country party to the Paris Convention for the Protection of 
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4. I0(b)(ii)): . . 



Box No. Vn INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA} (if *»*> or more International Searching Authorities are competent to carry out the 
international search, indicate the Authority chosen; the two-letter code may be used}: 

ISA/ 

Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or requested from the 
International Searching Authority): 



Date (day/month/year) 



Number 



Country (or regional Office) 



Box No. Vin DECLARATIONS 



The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable 
check-boxes below and indicate in the right column the number of each type of declaration)'. 



Number of 
declarations 



□ Box No. VIII (i) 

□ Box No. VIU (ii) 

□ Box No. VIII (iii) 

□ Box No. VIII (iv) 

□ BoxNo.VIII (v) 



Declaration as to the identity of the inventor 

Declaration as to the applicant's entitlement, as at the international riling 
date, to apply for and be granted a patent 

Declaration as to the applicant's entitlement, as at the international filing 
date, to claim the priority of the earlier application 

Declaration of inventorship (only for the purposes of the designation of the 
United States of America) 

Declaration as to non-prejudicial disclosures or exceptions to lack of novelty 
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Box No. IX CHECK LIST; LANGUAGE OF FILING 



This international application contains: 

(a) in paper form, the following number of 

sheets: 

request (including 
declaration sheets) 

description (excluding 
sequence listings and/or 
tables related thereto) 
claims 
abstract 
drawings 

Sub-total number of sheets 

sequence listings 

tables related thereto 

(for both, actual number of 
sheets if filed in paper form, 
whether or not also filed in 
computer readable form; 
see (c) below) 

Total number of sheets 

(b) □ only in computer readable form 

(Section 801(aX0) 
(0 □ sequence listings 
(ii) □ tables related thereto 

(c) O also in computer readable form 

(Section 801(aXii)) 
(0 □ sequence listings 
(ii) O tables related thereto 

Type and number of carriers (diskette, 
CD-ROM, CD-R or other) on which are 
contained the 

C] sequence listings: 

D tables related thereto: 





l. ■ 


*> 


2. □ 




3-D 


: 19 


4.0 


4 




1 




5 




34 


7. □ 




8. □ 




9. □ 




(0 




34 


(H) 



(additional copies to be indicated under 
items 9(ii) and/or 10(H), in right column) 



This international application is accompanied by the following Number 
item(s) (mark the applicable check-boxes below and indicate in 0 f items 

right column the number of each item): 
fee calculation sheet 
original separate power of attorney 
original general power of attorney 

copy of general power of attorney; reference number, 
if any: 

statement explaining lack of signature 

priority documents) identified in Box No. VI as 
item(s): 

translation of international application into 

(language): 

separate indications concerning deposited microorganism 
or other biological material 

sequence listings in computer readable form 
(indicate type and number of carriers) 

□ copy submitted for the purposes of international search under 
Rule \3ter only (and not as part of the international application) : 

□ (only where check-box (bjfi) or (c)(i) is marked in left column) 
additional copies including, where applicable, the copy for the 
purposes of international search under Rule 1 3ter 

□ together with relevant statement as to the identity of the copy or 
copies with the sequence listings mentioned in left column 

tables in computer readable form related to sequence listings 
(indicate type and number of carriers) 

(i) □ copy submitted for the purposes of international search under 
Section $Q2(b-quater) only (and not as part of the international 
application) : 

(ii) □ (only where check-box (b)fii) or (c)(ii) is marked in left column) 
additional copies including, where applicable, the copy for the 
purposes of international search under Section %02(p-quater) : 

(i ii) Q together with relevant statement as to the identity of the copy or 
copies with the tables mentioned in left column 

1. □ other (specify)'. : 



(iii) 
10. □ 



Figure of the drawings which 
should accompany the abstract: 



Language of filing of the 
international application: English 

Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE ~ 

to each signature, indicate the now 




WHITE, Dr Nicholas J. 



1. 


Date of actual receipt of the purported 
international application: 




2. Drawings: 
] | received: 


3. 


Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 






4. 


Date of timely receipt of the required 
corrections under PCT Article 11(2): 






| | not received: 


5. 


International Searching Authority 

(if two or more are competent): ISA / 




6. 1 | Transmittal of search copy delayed 
1 1 until search fee is paid 





For International Bureau use only , 



Date of receipt of the record copy 
by the International Bureau: 
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